conventional ( 
(2 mM EGTA with no added Ca 2ϩ ) before fixing and We reconstructed seven synapses from four sacculi exposed to high-K ϩ saline, and four synapses from three sacculi exposed to 0-Ca 2ϩ saline (Table 1) . Acquisition and analysis were performed blind for 7 of the 11 reconstructed synapses. Figure 2 shows the effects of stimulation and inhibition on presynaptic ultrastructure. The computed x-y planes (Figures 2A and 2B ) resemble conventional transmission electron micrographs of these synapses (compare to Figures 4A and 4B) , although the computed sections are much thinner (2.9 nm in Figure  2A , 2.7 nm in Figure 2B ). Visible in these sections were numerous small clear-core vesicles that we designate as "synaptic vesicles," larger coated vesicles, mitochon- ϩ . We conclude that small at the face of the physical tissue section. Only a portion ions in the bathing medium have rapid and complete of each SB (36%-78%, n ϭ 11; Table 1 ) was captured access to the synapses on the hair cells' basolateral surfaces in our experimental preparation. in any one reconstruction. Coated vesicles (gold) were To make quantitative comparisons across synapses that varied in the completeness of the SB, area of plasmalemma, and volume of cytoplasm reconstructed, we computed the density of synaptic vesicles as a function of their position relative to the SB and plasmalemma. For docked vesicles, position was measured as the distance from the center of the active zone, defined by the line drawn perpendicular to the membrane plane through the center of a sphere fit to the SB. Vesicle density was expressed as a fraction of the maximum 2D packing density of 40 nm diameter spheres on a plane ( Figures  3E and 3F ). To take into account the fact that some vesicles are expected to lie close to the plasmalemma even without any specific binding interaction, we estimated the frequency of random close encounters based on the density of vesicles in the cytoplasm and the spatial resolution of our computed tomographic sections (see Experimental Procedures). The estimated frequency of random close encounters was small: Ͻ0.5% of dense-packed in high K ϩ (where cytoplasmic vesicles were sparse) and Ͻ2% of dense-packed in 0-Ca 2ϩ (where cytoplasmic vesicles were abundant). We conclude that almost all of the docked vesicles that we counted were specifically associated with the plasma membrane.
At inhibited synapses, docked vesicles covered ‫%05ف‬ of the membrane area within a radius of 200 nm of the active zone center ( Figure 3E ). Most of these central docked vesicles were SB associated (yellow Figures 3A and 3B) . We also counted 1D density of vesicles along the perimeter of the SB ( Figure 4B ), similar to the noise-induced depletion remany outlying docked vesicles, some of which were located hundreds of nanometers from the SB. Steadyported in lizard hair cells (Henry and Mulroy, 1995). Vesicles were plentiful around the entire perimeter of all SBs, state depletion of both SB-associated and outlying docked vesicles is readily apparent by comparing faceexcept that following stimulation, they were rarely seen in the space between the SB and the plasmalemma. For on views of stimulated and inhibited synapses ( Figures  3C and 3D ). In the two reconstructions shown, there some of these TEM experiments, the 0-Ca 2ϩ or high-K ϩ saline was chilled on ice during the incubation in an were five times more docked vesicles at the inhibited synapse ( Figure 3C was a highly significant effect of latitude (ANOVA, p Ͻ 10
Ϫ5
; n ϭ 7 synapses) and a significant correlation (R ϭ In tomographic reconstructions we saw a higher density of SB-associated vesicles at inhibited synapses and 0.63; p Ͻ 10 Ϫ8 ); this significance persisted if the bin at the membrane pole (z Ͻ 0.1) was eliminated from the more depletion at stimulated synapses than we saw in TEM sections (3D packing density: 0.79 Ϯ 0.09, inhibanalysis (ANOVA, p Ͻ 0.025; correlation, R ϭ 0.48; p Ͻ 10
Ϫ4
). We then proceeded to make t tests (single sample, ited; 0.42 Ϯ 0.04, stimulated). These densities are converted to vesicle counts in Table 2 . We believe that two-tailed) to assess whether the vesicle density in each of the ten latitude bins was significantly above or below the tomographic data are more accurate than the TEM counts and attribute the differences largely to the failure average. The greatest deviations were observed at the membrane pole (z Ͻ 0.1), where the normalized vesicle to count all superimposed vesicles in TEM sections. Superimposed vesicles are expected to occur fredensity was significantly less than 1 (p Ͻ 0.0005), and the cytoplasmic pole (z Ͼ 0.9), where the density was quently, given their high density on the SB and because the section thickness exceeded the vesicle diameter.
significantly greater than 1 (p Ͻ 0.01). Vesicle densities were also significantly elevated in the two bins between To analyze the distribution of vesicles on the surface of the SB, we fit a sphere to the SB and defined latitude z ϭ 0.7 and z ϭ 0.9 (p Ͻ 0.05). Because it has been hypothesized that movement of relative to the same axis used to define the center of the active zone. The pole closest to the plasmalemma nondocked vesicles on the SB surface occurs during the vesicle cycle, we were particularly interested in any was defined as the membrane pole, the other the cytoplasmic pole. The SB surface was then divided into ten changes in their distribution caused by stimulation. Analysis of nondocked SB vesicles was confounded by latitude bands of equal surface area, corresponding to ten equally spaced bins of the axial coordinate (z ), northe gradient seen in inhibited cells ( Figure 4E ), which remained even after we subtracted the space occupied malized such that z ϭ 0 at the membrane pole, z ϭ 0.5 at the equator, and z ϭ 1 at the cytoplasmic pole. The by docked vesicles from the reconstructed SB area in each bin (ANOVA, p Ͻ 0.005; correlation, R ϭ 0.36, p Ͻ 2D density of SB vesicles as a function of z is shown in Figures 4E and 4F . We integrated these density distribu-0.025). However, this gradient at inhibited synapses was due entirely to a deficiency of nondocked vesicles close tions to estimate the number of SB-associated vesicles per complete SB. Depolarization significantly depleted to the membrane pole (z Ͻ 0.1) and may simply reflect the space occupied by the presynaptic densities. After both docked and nondocked vesicles on the SB (Table  2) without altering the SB diameter (Table 1) .
eliminating the bin at the membrane pole from the analysis, there was no significant effect of latitude on the Counting both docked and nondocked vesicles together, vesicles at inhibited synapses were distributed density of nondocked SB vesicles (ANOVA, p Ͼ 0.9; correlation, R ϭ 0.09, p Ͼ 0.6; vesicle densities corrected nearly uniformly on the SB ( Figure 4E ) except for a small ‫)%02ف(‬ reduction in vesicle density near the membrane for space occupied by docked SB vesicles). In contrast, there was a highly significant gradient of nondocked SB pole (z Ͻ 0.1), which is consistent with vesicles being excluded from space occupied by the presynaptic denvesicles in stimulated cells, regardless of whether the bin at the membrane pole was included in the analysis sities ( Figures 3C and 3D ). After stimulation (Figure 4F ), the distribution was markedly nonuniform, with an 86% (ANOVA, p Ͻ 0.0005; correlation, R ϭ 0.48, p Ͻ 10 Ϫ4 ; bin at membrane pole excluded, corrected for space depletion of vesicles in the bin surrounding the membrane pole (z Ͻ 0.1), but only 37% average depletion occupied by docked SB vesicles). It is possible that vesicles associate and dissociate across the opposite hemisphere (z Ͼ 0.5). Comparison of Figures 4E and 4F shows that both docked and nonfrom the SB more rapidly than they can move along its surface; in which case, the gradient of SB vesicles in docked vesicles were depleted. For statistical analysis, radius of 800 nm (Table 2) . We also calculated vesicle density as a function of perpendicular distance from the plasmalemma (Figures 5C and 5D ). Depolarization depleted vesicles at all distances from the synapse center or plasmalemma, up to the largest distances that we could study in the rendered volumes.
To determine the fate of membrane lost from the synaptic vesicle compartments during depolarization, we estimated the surface area of all membrane-bounded organelles in the reconstructions. The SB surface area was not included because a membrane does not delimit it. The pie charts in Figure 4 give the relative membrane areas of vesicle and cistern compartments for two synapses. In 0 Ca 2ϩ ( Figure 4C ), small uncoated vesicles (SB and out) accounted for four-fifths of the membrane, while the remaining one-fifth was contained in cisterns and coated vesicles. The distribution of membrane was dramatically different in the synapse exposed to high K ϩ . Here ( Figure 4D ) cisterns were more numerous, had more complex shapes, and accounted for more than half the total membrane area, while the contribution from vesicles, particularly outlying synaptic vesicles, fell. Table 1 shows the averaged data for all synapses. Depolar- 6C , and 6E). While these inapses (Table 1) . To quantify the spatial extent of vesicle foldings contributed only a small fraction of total memdepletion, we estimated the 3D density of vesicles in brane area ( Figure 6A ), they were significantly more the cytoplasm as a function of radial distance from the abundant at high-K ϩ -exposed synapses (p Ͻ 0.02; Fig-SB center (Figures 5A and 5B) , and integrated this distriure 6A, inset). As reported previously in goldfish saccular hair cells (Hama and Saito, 1977), we also found evibution to estimate the total number of vesicles within a 
02). (limited by the rate at which vesicles repopulate the SB) that is undetectable in capacitance experiments
One surprising finding was that two-thirds of the docked vesicles within an 800 nm radius of the active because this technique measures the difference between exocytosis and endocytosis, which is zero in the zone center are not associated with the SB (Table 2) . Unlike the SB-associated vesicles, which face glutamate steady state. We found that 30 min in high K ϩ caused a large depletion of docked vesicles as predicted, but receptors in the postsynaptic membrane (Matsubara et al., 1999) and lie adjacent to regions of presynaptic (Figonly a modest Sacculi were dissected and furrowed as for electron microscopy, Electron Tomography and superfused with normal saline on the stage of a fluorescence We mapped the diameter and location of coated and synaptic vesimicroscope. A microelectrode, normal to the apical surface of the cles by identifying the x-y plane of largest cross-section, tracing hair cells, was inserted into the epithelium, and once a stable rethe vesicle perimeter along the middle of the membrane, and fitting cording was achieved, the bath volume was exchanged with 45 mM a circle of area equal to the traced polygon. Vesicles were then K ϩ saline. Microelectrodes had resistances of 220 M⍀ after the rendered as spheres having the diameter and centers of the fitted shank was filled with 4% Lucifer Yellow (in H 2 O) and the shaft backcircles (Lenzi et al., 1999) . A vesicle was classified as SB associated filled with 0.5M LiCl. Junction potential changes were negligible if in the plane of its largest cross-section it was tethered to, or within between salines. 30 nm of the SB (Lenzi et al., 1999) . A vesicle was classified as docked if no space could be seen between its membrane and the
